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Starting in the 1950s, a number of newly industrializing coun-
tries in Latin America (Mexico, Brazil, Argentina) and Asia (In-
dia, South Korea, Taiwan) have begun to establish motor vehicle
industries. Because of its strong linkages to other industries,
both backward (steel, glass, plastics, electric) and forward
(transportation), the motor vehicle sector was often given a
leading role in industrial development.
One important problem encountered in newly setting up a motor
vehicle industry lies in the presence of considerable economies
of scale, which imply that per-unit costs decrease as the scale
of production increases. Cost efficiency thus depends - inter
alia - on whether the volume of production is large enough to
take advantage of economies of scale. Expanding production in a
newly established industry as complex as motor vehicle manufac-
turing to the level where most economies of scale are realized
(commonly referred to as 'minimum economic size
1) is bound to
take some time; this fact has been used to justify infant indus-
try protection of the motor vehicle sector in all the countries
mentioned. Hence, it is hardly surprising that previous studies -
most of them carried out in the 1960s - found that per-unit costs
in motor vehicle manufacturing in less developed countries ex-
ceeded significantly those in industrialized countries, which was
attributed largely to a lack of scale efficiency .
More recently this gap seems to have narrowed considerably in the
case of the larger producers among newly industrializing coun-
tries, particularly Brazil and South Korea. This improvement
coincided with a shift towards a more outward-oriented policy in
relation to the motor vehicle industry in those countries, in-
volving mainly the introduction of export incentives in addition
to the continuing protection of the domestic market.
* The author gratefully acknowledges many helpful comments and
suggestions by P. Nunnenkamp, B. Fischer, and U. Hiemenz.
Nunnenkamp (1987) provides an overview of international compa-
risons of the costs of production in motor vehicle manufactur-
ing.This paper investigates the validity of the hypothesis that the
scale efficiency of motor vehicle production in Brazil has now
improved to a point where disadvantages of small scale no longer
exert a strong negative influence on the international competiti-
veness of the industry . If the hypothesis can be upheld this
will have important implications for any assessment of the over-
all performance of the industry and of its potential contribution
in the long run to raising the country's export earnings. Given
that Brazil is the largest motor vehicle producer among develop-
ing countries with exports in the order of one fifth of produc-
tion, the conclusions from this analysis can also be expected to
be relevant to the motor vehicle industries of other newly in-
dustrializing countries.
An analysis of scale efficiency ideally should be based on manu-
facturers' data on their cost structures. As such information is
not available, data on production by manufacturer and model are
compared with estimates of the minimum efficient scale of produc-
2 tion and of the long-run average cost function in motor vehicle
manufacturing. The following chapter reviews such estimates and
their applicability to conditions of production in Brazil. Chap-
ter 3 surveys the development of the scale of motor vehicle pro-
duction in Brazil and attempts to establish to what extent econo-
mies of scale have been realized and what scope exists for fur-
ther improvements. Chapter 4 compares the scale of production in
Brazil with that of its major international competitors. Chapter
5 discusses some implications of the findings for firm strategies
and the role of government policies. Chapter 6 presents a summary
and the conclusions.
Economies of scale are of course only one out of several fac-
tors that determine the competitive status of an industry in
the world market. For a more general analysis of the interna-
tional competitiveness of the Brazilian motor vehicle industry
see Nunnenkamp (1987) .
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The long-run average cost function relates average total costs
to installed productive capacity at normal capacity utiliza-
tion.2. Economies of Scale and Per-Unit Costs in Motor Vehicle Produc-
tion
2.1. The Concept of Economies of Scale
Economies of scale may be defined as reductions in per-unit costs
achieved by expanding the scale of production, which is represen-
ted by installed productive capacity (as opposed to capacity
utilization). In microeconomic theory this idea is commonly ex-
pressed through a downward-sloped, long-run average cost curve,
relating per-unit costs (with full utilization of productive
capacity) to changes in capacity. The long-run curve may be
thought of as the 'enveloppe
1 of an infinite number of short-run,
U-shaped average cost curves that relate per-unit costs to
changes in capacity utilization (Rhys, 1972a, pp. 266-8).
This rather loose definition of economies of scale, which is com-
monly used in the empirical analysis of industrial market struc-
tures, contrasts with the more stringent notion of 'increasing
returns' to scale in the theory of production. 'Increasing re-
turns' are usually associated in the literature with a homogene-
ous production function of degree r > 1, where a proportionate
increase in the quantities of all inputs yields a more than pro-
portionate increase in output (see, for example, Henderson,
Quandt, 1981, p. 79). However, the strict assumptions employed in
the definition of increasing returns (such as homogeneous factors
of production, identical technology, and constant factor prices
over the full range of scales analysed) are usually relaxed for
the purpose of empirical studies. The corresponding concept of
economies of scale assumes only that essentially similar products
are made with essentially similar inputs, while allowing for
changes in production technology (such as a higher degree of me-
chanisation) and, consequently, variations in factor intensity .
For an extended discussion of the two concepts and the under-
lying assumptions see Gold (1981). Giersch (1986, pp. 18-19)
cautions against some of the more naive views of economies of
scale that fail to take into account the very high capital
expenditure to be incurred on the initial investment before any
of the benefits associated with decreasing costs can be reaped.Although this definition of economies of scale lacks theoretical
rigour it has nevertheless become a standard tool in the empiri-
cal analysis of industrial market structures, particularly in
relation to the motor vehicle industry (see, for example, the
literature cited in Chapter 2) . This provides the justification
for employing this concept in the present study. Economies of
scale, thus defined, may arise from a variety of sources in the
areas of technology, procurement, marketing, and finance. A fur-
ther distinction is between economies at the firm, plant, or
product level.
As concerns technology, significant economies of scale may be
achieved in motor vehicle manufacturing in line with the workings
of the 'law of mass production
1 (Kern, 1980, pp. 58-9), which
states that average total per-unit costs tend to fall with an
increasing division of labour and specialization of the manu-
facturing process. A firm that produces a certain commodity at a
large scale using for example specialized machinery and flow
techniques of production (such as an assembly line) can thus
expect to enjoy lower per-unit costs than another firm making a
smaller quantity of the same product with general-purpose machi-
nery, shop assembly, and little division of labour. This may be
true even if the small firm produces efficiently in the sense of
not wasting any resources and achieving the same degree of capa-
city utilization as the large firm. The most famous early appli-
cation of the 'law of mass production' in automobile manufactur-
ing was the Ford Motor Co.'s Model T car, which consisted of a
relatively small number of standardized components and was the
first automobile to be mass-produced on a continuously moving
assembly line. The reduction achieved in unit costs, due largely
to economies of scale, can be gauged from the fact that the car's
retail price in the US had fallen by 1925 to less than a third of
its initial 1909 level (White, 1977, p. 173).
Apart from technology, significant economies of scale in motor
vehicle production can be achieved in the areas of procurement,
marketing (due to indivisibilities in advertising, the setting upof a dealer network, etc.), and finance (involving, amongst other
things, the ability to undertake costly research and development
efforts, with the attending risk of failure, and to fund large-
scale investment projects). Economies in finance and marketing
cannot meaningfully be analysed in a Brazilian context only,
because almost all the country's motor vehicle production is
accounted for by the subsidiaries of large multinational enter-
prises (Fiat, Ford, General Motors, Mercedes-Benz, Saab-Scania,
Toyota, VW, Volvo; see Table Al) . In addition to their own re-
sources these firms rely on their parent companies' facilities
for research and development with respect to both models and
production technology, as well as for support with the marketing
of exports. Therefore economies of scale in marketing or finance
are not discussed further. Economies in procurement may result
either from cost savings on the part of suppliers due to higher
order volumes, or from increased market power of the vehicle
manufacturers. However, conditions of production in the component
industry as well as the relationships between suppliers of compo-
nents and vehicle manufacturers are too diverse to be covered
here in sufficient detail . The resulting limitations to the
validity of the findings of this paper are discussed in sec-
tion 2.3.
2.2. Estimates of the Minimum Efficient Scale and Long-Run Aver-
age Cost Function in Motor Vehicle Manufacturing
This section surveys the available empirical studies that provide
estimates of the minimum efficient scale of production in the
motor vehicle industry (Table 1) or of the relationship between
per-unit costs and the scale of production (long-run average cost
function; Table 2) . All studies relate to conditions of produc-
2
tion in industrialized countries. More recent estimates or ones
The limited evidence available suggests that Brazil does not
suffer from a competitive disadvantage in this respect
(Stevens, 1987) .
2
A recent OECD publication relies on many of the same studies as
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: effects of certain scale economies at the firm level, such as greater opportunities for in-
troducing new plant of the optimum size and fully utilising it quickly, or a greater incentive to incur expenditure on innovation as
the costs of research and development can be spread over a larger volume of production
pound-weight (average derived from the best-selling models of each firm) is used here
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these data
equilibrium in the market with no supra-normal profits, where price equal
as a long-run average cost function there remains of.course the problem of
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present the
reflects the difference :
. - production economies only. - T>rice per
as a proxy for average cost, assuming long-run
both marginal and average cost. In interpreting
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1974 budgeted costs. - "Based on data frcm one British firm. - ^Average per-unit cost
production in the 200 000 to 500 000 units per year range.
- TJata supplied by one British firm, based on
decrease generated by a doubling of annual
Source: Doz (1981, Exhibit 1); Pratten (1971, pp. 141-1); Rhys (1972b, p. 96; 1977, p. 314); White (1971, p. 39).for developing countries do not seem to exist.
2.2.1. Passenger Car Production
Table 1 presents estimates of the minimum efficient scale in each
stage of production, as well as overall figures for one car model
and a complete model range. In some categories (especially cas-
ting, machining, and stamping) the estimates vary widely. Summa-
rizing the results it seems reasonable to assume that engine
block castings may be efficiently produced in quantities of about
one million units per year, while the minimum efficient scale for
other castings, which are often supplied by independent found-
ries, is rather lower. In engine and power train machining cost
savings can be realized through production volumes of up to half
a million units per year, with some further economies at higher
volumes. In stamping the minimum efficient scale seems closer to
2 million units per year, which need not be identical, but have
to be stamped on the same set of presses. However, the ensuing
batch production with time-consuming changes of dies carries a
cost penalty, as compared with continuous production of identical
panels; the excess cost increases along with the number of dif-
ferent types of panels produced.
The studies agree broadly that the minimum efficient annual rate
of final assembly is in the order of at least 200 000 vehicles on
a five-day-week/two-shift basis. The recent increase in the de-
gree of automation and robotization of assembly operations in
industrialized countries is likely to have two separate effects
on minimum efficient scale. On the one hand assembly lines can be
operated at higher speed, increasing the minimum efficient rate
of assembly per line. On the other hand, while traditional as-
2
Some studies have been undertaken on the feasibility of newly
establishing a motor vehicle industry in a typical developing
country (e.g. El Darwish, 1970; a brief survey is provided by
Maxcy, 1981, p. 214). While these studies provide rough esti-
mates of the minimum level of annual production needed for
overall efficiency, the data are not specific enough to serve
as a basis for an assessment of the scale efficiency of the
motor vehicle industry in a particular country.sembly technology makes it difficult to produce more than one
basic model on one line without expensive changes in the set-up
of the machinery, the greater flexibility of recently installed
equipment allows several similar models to be assembled on the
same line . The minim
therefore be reduced.
same line . The minimum efficient rate of assembly per model may
The minimum efficient scale of assembly operations can also be
considered as the minimum efficient scale of production for one
basic passenger car model (of which several versions may be made
with a high proportion of interchangeable components) , if both
the engine and the transmission (each with a minimum efficient
scale of production of about half a million units per year) are
also used in other models. Otherwise, the model minimum rises
accordingly. Similarly the minimum efficient scale of production
for a firm making a range of three to four models, to cover the
'mini
1, 'small', 'medium', and 'large' segments of the market,
can be assumed to lie between one and two million units per year,
depending on the number of basic engines and types of power train
used. Some economies at the plant level may be achieved at vol-
umes of up to two million units per year in line with the capaci-
ty of the large presses used for stamping body panels.
These conclusions are broadly in agreement with the estimates
presented in Table 2 of the long-run average cost function in
motor vehicle manufacturing. The data from Pratten (1971), White
(1971), Rhys (1977), and Doz (1981) all indicate that per-unit
costs fall considerably as annual production per model increases
from 100 000 units to about a quarter of a million, but decrease
rather more slowly as production rises further to half a million
vehicles. Similarly at the firm level reductions in per-unit
costs (see data from Pratten, 1971) become small beyond a pro-
duction volume of one million vehicles per year. However, a de-
Volkswagen's manufacturing system at the Wolfsburg plant for
the Golf II model is capable, for example, of producing not
only several body styles of the Golf but also the three-box
Jetta without changing tools or interrupting production (Alt-
shuler et al., 1984, pp. 135-6).10
crease in unit costs as small as 4 per cent due to a doubling of
firm production from one to two million units per year (as sug-
gested by Pratten, 1971) can significantly influence a firm's
profitability and, therefore, competitiveness in an industry
where profits are often less than 5 per cent of turnover (Rhys,
1980, p. 184)
1.
2.2.2. Commercial Vehicle Production
Data on the minimum efficient scale of commercial vehicle produc-
tion are comparatively scarce (Table 1). Since engines and trans-
missions are often used in several models, the minimum efficient
scale of production for one basic model can be assumed close to
the assembly minimum, which varies very considerably according to
weight class and manufacturing technology. While the estimates of
minimum efficient scale for standardized vehicles produced on a
continuous line (30 000 to 70 000 units per year, depending on
weight group) are useful in delimiting the scope of potential
cost savings through an expansion of the scale of production, it
should be noted that of the many firms operating world-wide in
the commercial vehicle sector only very few actually reach these
'minimum' levels. Partly this is explained by the fact that cus-
tomer preferences in the commercial vehicle sector tend to vary
relatively more widely than among buyers of passenger cars. Small
firms have been able to survive in the commercial vehicle sector
by catering for the particular preferences of small groups of
customers and buying in major components (including bodies, en-
gines, and transmissions) from outside sources, mostly independ-
ent suppliers, but also some of the large vehicle manufacturers.
Even the large producers offer many different versions of their
The figures in Table 2 from Rhys (1972b) also demonstrate that
specialist (as opposed to volume) producers that do not aim at
covering all four main segments of the car market (such as
Jaguar, Saab, BMW, Volvo) may still operate profitably at com-
paratively low production volumes, as they can afford to charge
relatively higher prices. Even in the case of volume producers
skillful marketing may create consumer preferences in favour of
a particular model and allow it to be priced higher than its
competitors, thus compensating for a disadvantage in unit
costs.11
models to cover a variety of market segments. Thus the diversity
of models required by customers restricts the degree of standard-
ization, which would be a precondition for realizing economies of
scale at the model level. The greater flexibility consequently
required of the manufacturing system is achieved by applying
relatively more labour-intensive technology, which may reduce the
minimum efficient scale of production to as little as 5.000 units
per year (Rhys, 1972a, as reported in Table 1).
While customer preferences in the commercial vehicle sector are
more diverse than in the case of passenger cars, they also change
more slowly. Model runs therefore can be longer , with the possi-
bility that larger model life volumes may compensate for some of
the cost increase due to the relatively low degree of product
standardization.
2.3. Methodological Limitations and Data Problems
Two separate problems arise in relying on the estimates presented
in the previous section for an analysis of the scale efficiency
of the Brazilian motor vehicle industry. Firstly it needs to be
investigated whether current conditions of production in Brazil
are sufficiently similar to those on which the estimates are
based (i.e. industrialized countries in the late 1960s and
1970s). Secondly, some data problems need to be considered.
In all countries the motor vehicle industry is highly capital-
intensive; the technologies used in Brazil do not differ substan-
tially from the industrialized countries in spite of differences
in relative factor prices. Labour intensity in Brazil tends to be
somewhat higher; robotization, which has only occurred to a lim-
ited extent, has resulted from quality control consideration
rather than high labour costs (Stevens, 1987, p. 36). Thus the
estimates of minimum efficient scale based on conditions in in-
dustrialized countries in the late 1960s and 1970s can be expect-
For example, Ford's main truck cab first introduced in 1964 was
still being made in 1980 (Rhys, 1980, p. 185).12
ed to reflect reasonably well the current position of the Brazil-
ian motor vehicle industry.
As regards international comparisons, more severe problems may
arise concerning the adequacy of the data used in this study. The
analysis is based on data on production per firm and, in the case
of passenger cars, per basic model. A basic model is defined to
include all different versions of each model, irrespective of
engine, body style, etc. When this concept is applied in a cross-
country analysis (see Chapter 4) , the diversity of statistical
sources for such a variety of firms and countries renders it
difficult to consistently group individual models (for which
production data are often available) according to the basic model
criterion. However, the resulting margin of error is rather un-
likely to invalidate the use of this concept for an assessment of
the scale efficiency of final assembly operations, provided that
international differences are considerable .
Firm-specific data can only capture the scale efficiency in the
areas of casting, machining and stamping (which play an important
role in determining overall efficiency) if the degree of vertical
integration does not differ among firms. While in the passenger
car sector in Brazil such variations are apparently limited, they
are rather pronounced in the case of commercial vehicles
(Stevens, 1987, p. 29); accordingly, firm-specific production
data should be interpreted carefully with respect to conclusions
on scale efficiency especially in the commercial vehicle sector.
Moreover, little information is available on the extent to which
components are shared between models or even firms. Gains in
scale efficiency resulting from joint use of components are thus
not captured by the available data.
An alternative approach could consist of using data on produc-
tion per model family, which is commonly defined to include
several models that share a high proportion of components,
including major ones, and are sometimes even produced on the
same assembly line. Unfortunately available data have not been
sufficient to allow the grouping of all relevant models into
1 families'.Bibliothek des Instituts
fQr Weitwirtschaft Kiel
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3. The Scale Efficiency of Motor Vehicle Production in Brazil
The integrated manufacture of motor vehicles in Brazil started in
1956 as a result of a government programme aimed at substituting
domestic production for imports. Eleven firms, many of which had
previously assembled vehicles in the country, committed them-
selves to setting up integrated production facilities and achiev-
ing, within four years, local content levels of more than 90 per
cent for all locally made vehicles. Incentives granted by the
government included duty and tax-free imports of capital equip-
ment as well as the effective closure of the Brazilian market to
motor vehicle imports. While some concentration has since taken
place, there are still four large firms producing both passenger
cars and commercial vehicles (Volkswagen, General Motors, Ford,
Fiat) as well as several other firms that limit their activities
to the commercial vehicle sector (Mercedes-Benz being the most
important) .
3.1. The Passenger Car Sector
This section analyses the development of the scale of production
in the passenger car sector since the inception of the industry
and assesses the extent to which scale efficiency has been
achieved, compared with the estimates of minimum efficient scale
reviewed in Chapter 2.
Table 3 presents the information on which this analysis is based.
The data on average production per firm and per basic model only
relate to those models whose annual rate of production exceeds
5 000 units, because the inclusion of "specialist
1 models with
even smaller runs (in whose production scale efficiency does not
play an important role) would bias the findings by leading to an
underestimation of overall scale efficiency. To give a rough ap-
proximation of installed capacity in the passenger car sector,
Table Al summarizes the firm structure of the industry, with
mergers and new entries since 1956 as well as production data





















































































































































































Only includes basic models with an annual production of more than 5.000 vehicle. - A basic model is defined here to
include all different versions of one model irrespective of the number of doors, or type of engine, etc. - Liata from
Table 4 on capacity utilization for the whole industry have been used in the calculation of this column.
Source: Unpublished ANFAVEA data; Table A2; own calculations.15
data on the overall degree of capacity utilization in the motor
vehicle industry (Table A2) have been combined with the figures
on actual production in the passenger car sector (Table 3). Even
such a rough measure of installed capacity should provide a more
reliable basis for an assessment of scale efficiency than actual
production, which was subject to considerable short-term fluctua-
tions.
The reference case corresponding to scale-efficient production
may be defined, on the basis of the estimates presented in Table
1, to involve installed capacity of one million units per year
for a firm producing a range of three to four basic models. Simi-
larly, minimum efficient installed capacity per basic model may
be assumed to be 200 000 units per year. By comparing these fig-
ures with the corresponding data from Table 3 and using the esti-
mates of the long-run average cost function in motor vehicle
manufacturing from Table 2 an estimate can be obtained of the
extra cost per unit produced that results from a lack of scale
efficiency .
Concerning the scale of production per firm Table 3 reveals that
average installed capacity per firm amounted to roughly a quarter
of a million units annually throughout the 1980s. Using Pratten's
estimate of the long-run average cost function, this involves
extra per-unit costs of 19 per cent compared with scale-efficient
The question arises whether an analysis of firm specific data
could not yield a more reliable estimate of the scale efficien-
cy of each manufacturer, and therefore of overall efficiency.
However, many of the conceptual and data problems discussed
above (grouping of models into 'families
1, degree of vertical
integration of production, degree of capacity utilization) are
likely to have less of a distorting effect on an estimate of
the extra cost due to low scale efficiency if the estimate
refers to the whole passenger car sector (where distorting ef-
fects can 'average out' to some extent) rather than an indivi-
dual firm. A firm-specific analysis of scale efficiency is
therefore not attempted in this study. Table Al conveys an im-
pression of the difference in size between the Brazilian car-
makers; Table 8 lists the number of basic models produced by
each firm.16
production . With respect to the development over time it becomes
apparent that the scale of production per firm (measured by aver-
age production in the absence of data on capacity utilization
before 1975) grew more slowly until the mid-1970s than total
passenger car production due to the emergence of new mass-pro-
ducing firms. Thus the increase in the volume of total production
was only partly translated into improved scale efficiency at the
firm level.
A similar picture emerges from an analysis of the development of
the scale of production per basic model. Average installed capa-
city per basic model reached a maximum of 80 000 units per year
in 1978 and has since fallen to 51 000 units annually (Table 3).
On the basis of White's estimate of the long-run average cost
function (see Table 2) the latter figure is found to imply an
extra cost per unit produced of between 13 and 14 per cent, com-
pared with scale-efficient production of 200 000 units annually.
The continuous increase over time in the number of basic models
has meant that the scale efficiency of production at the basic
model level actually deteriorated.
Summarizing the findings of this section, it is seen that there
remains considerable scope for improvements of the scale effici-
ency of Brazilian passenger car production, both in terms of
production per firm (relating to economies of scale in the pro-
duction of major components, e.g. engines, transmission, etc.) as
well as in terms of production per basic model.
3.2. The Commercial Vehicle Sector
The diversity of products as well as differences in the structure
of individual firms in this sector make it difficult to draw firm
conclusions on scale efficiency (for an overview of the distribu-
This estimate is likely to be on the low side as the individual
firms produced between four and seven basic models each, rather
than a maximum of four as assumed in the reference case (see
Table 8).17
tion of production among firms and types of vehicle see Table
4) . Installed capacity in this sector has not been calculated
from the data on capacity utilization for the whole of the Bra-
zilian motor vehicle industry (as presented in Table A2) because
information received from two large manufacturers involved in
different segments of the market indicates that idle capacity in
the commercial vehicle sector after 1980 was significantly above
the average for the whole industry.
Moreover, vertical integration in the commercial vehicles sector
varies widely, with Mercedes-Benz and Saab-Scania showing a high
degree of integration, Volkswagen and Volvo at the lower end, and
Ford and General Motors somewhere in between (Stevens, 1987, p.
29). Production of bus chassis is dominated by Mercedes-Benz with
Saab-Scania and Volvo playing only a minor role; bus bodies are
often made by independent suppliers.
Table 5, summarizing the development of production since the
inception of the industry, shows that in each of the three broad
categories of commercial vehicle production tended to rise, with
some fluctuations, until about 1980. Production of medium and
heavy trucks as well as buses then fell off significantly without
regaining its 1980 level, whereas the light commercial vehicle
sector expanded further, with setbacks in 1981 and 1983, to a
historical high in 1985. For an assessment of scale efficiency it
therefore seems appropriate to compare firm-specific production
data for 1980 and 1985 from Table 4 (depending on which year is
likely to yield the closest approximation of installed capacity)
with the estimates of minimum efficient scale (Rhys, 1972a and
Rhys, 1980; see Table I)
1.
On the basis of these estimates it seems reasonable to assume
that the minimum efficient scale of production for the two cate-
gories of light commercial vehicles in Table 4 (which are often
Information provided by one large manufacturer indicates that
its capacity in 1980 was in fact fully utilized, while in 1985
idle capacity was in the order of one third of total capacity.18
Table 4 - Production of Conmercial Vehicles in Brazil by Firm and Type of Vehicle, 1980 and 1985
Firm Light comnercial 'Utilities' Trucks
vehicles (pick-ups, Light Medium, Heavy,
(2-4 tons) vans) medium heavy very heavy
Buses Total
Agrale 0,8


































































































































































































































































































1985 207 155 19 43 2.7
^Includes only firms producing more than 1000 units per year. - Includes only firms producing more than 500 units per year. -
'Includes only firms producing more than 100 units per year.
Source: Compiled from unpublished ANFAVEA data.20
derived from car models) is in the order of 70.000 units per year
for one model. The corresponding figure for light trucks (which
are usually highly standardized) can be assumed to be 50.000
units annually per model, which may go down to about 30.000 units
annually for medium-weight trucks and as little as 5.000 units
per year for heavy trucks and buses. Inspection of Table 4 re-
veals that with the possible exception of Mercedes-Benz all firms
are apparently far from reaching a volume of production that
approaches the minimum efficient scale of operations. This re-
mains true even if one considers the 1980 production figures
which in many cases appear to provide a closer approximation to
installed capacity than 1985 data. Thus it may be concluded that
in the commercial vehicle sector (as in passenger car production)
per-unit costs could be reduced considerably through an increase
in the scale of production . Without an estimate of the long-run
average cost function in the production of the various types of
commercial vehicles, however, the potential cost savings cannot
be quantified.
4. An International Comparison of Scale Efficiency in Motor Ve-
hicle Manufacturing
In order to assess the impact of scale efficiency on the inter-
national competitiveness of the Brazilian motor vehicle industry,
the scale of production in Brazil has to be compared to that of
its competitors (rather than the hypothetical optimum value).
This chapter therefore surveys the scale of production in eight
important producer countries including Brazil, both newly indus-
trializing and industrialized ones. Since comparable information
on capacity utilization is not available, this cross-country
analysis has to be based on data on actual production.
The more important problem in the short run is of course the
underutilization of existing capacity.21
4.1. The Passenger Car Sector
Table 6 summarizes the empirical evidence with respect to the
scale of production per firm as well as per basic model. Among
newly industrializing countries production in Brazil is clearly
more scale-efficient than in Mexico and India, and comparable to
Spain. South Korea, however, by concentrating its much smaller
volume of total production on a very limited number of models,
has managed to achieve a slightly greater degree of scale effi-
ciency at the basic model level as Brazil. In fact a distinct
advantage on the part of South Korea may arise in the near future
since the 1984 data in Table 6 do not fully reflect the Hyundai
firm's recent success in introducing its Pony 2 model in the
North American markets. Economies at the firm level (relating
mostly to the production of components common to several basic
models), where Brazil is in a better position than South Korea,
may compensate somewhat for the relatively small scale of Bra-
zilian production per basic model .
Turning now to the industrialized countries, the volume of pro-
duction per basic model in the USA, the Fed. Rep. of Germany, and
Japan was about four times as large as in Brazil. On the basis of
White's estimates of the relationship between per-unit costs and
the scale of production (see Table 2) this can be assumed to
imply a difference in per-unit costs in the order of 10 per
2
cent . In relation to the U.S. this estimate is likely to be on
the low side, given that the three large firms in the U.S. often
produce very similar or almost identical models in their separate
divisions . Economies of scale resulting from the interchange-
The scale inefficiency resulting from model proliferation be-
comes even more obvious in the Mexican case. Possible firm
strategies to overcome inefficiency due to model proliferation
are discussed in the next chapter.
2
A decrease in the scale of production from 100 000 to 50 000 is
reported by White to carry a cost penalty of between 4 per cent
and 9 per cent.
For example, General Motors' 'J Car
1 is sold in the US in 5
different versions, corresponding to the GM Car divisions:
Cadillac Cimarron, Pontiac J 2000, Buick Skylark, Oldsmobile








































































































Only includes basic models with an annual production of more than 5 000 vehicles. - Including jeeps. - Production
figures are not available for individual models. Figures relate to the firms' total production. - Ketail sales of
domestically produced cars. No data are available relating to individual models of Volkswagen or Honda. -
 eAmerican
Motors, Chrysler, Ford, General Motors. - ^.M.W., Mercedes Benz and Porsche have not been included as these firms
cater for particular market segments with only limited relevance to Brazilian conditions. - ^Excludes completely -
knocked - down kits, for which no.data are available at the model level. - Production figures for individual models
are only available for Toyota. - "'rncluding knock-down sets. - -'Relates to total production by Honda, Mazda, Mitsu-
bishi, Nissan, Toyota. - \Toyota only.
Source: Compiled from World Motor Vehicle Data, 1986 Edition.23
ability of components in such cases are not reflected by the data
on production per basic model, because sufficient information on
constructive similarities between models has not been available.
Summarizing the findings of this section one may conclude that
Brazil enjoys a clear advantage in scale efficiency compared with
the other newly industrializing countries, with the exception of
South Korea which is rapidly improving its position especially at
the basic model level. Brazil continues to find itself at a dis-
advantage relative to the large industrialized countries. How-
ever, given the conceptual limitations of the methodology applied
in this study (in the absence of practical alternatives) not too
much weight should be placed on the precise figure obtained of an
average 10 per cent extra per-unit cost due to low scale efficien-
cy on the part of Brazil. The general conclusion of this section
is that Brazil's international competitiveness is unlikely to be
so seriously affected by its relative small scale of production
that the resulting disadvantage cannot be compensated for by
other factors (e.g. lower wage costs) .
4.2. The Commercial Vehicle Sector
As far as the commercial vehicle sector is concerned, the diver-
sity of products and firm structures in an international context
again makes comparisons difficult (Table 7) . Relative to the
other newly industrializing countries Brazil appears to enjoy an
advantage in terms of scale efficiency in the production of light
2
vehicles . In the field of medium and heavy trucks as well as
buses production per firm in Brazil was only about one fourth
that of India, whose Telco and Ashok-Leyland firms are important
exporters to developing countries of trucks and buses, respec-
tively (Maxcy, 1981, pp. 265-6). Compared with the industrialized
This assumes that the distortions that result from the limita-
tions of the methodology applied tend to 'average out
1 rather
than lead to a clear-cut bias in the findings.
2
This may not apply to production by the South Korean firm of
KIA with its fairly large volumes for individual models; see




































































































































Lip to 8 t gross weight; only includes firms producing more than 1000 units per year. - Over 8 t gross weight; Qnly includes
firms producing more than 500 units per year. - Only includes firms producing more than 100 units per year. - T"ruck production
by KIA could not be split into the 'Light' and 'Medium and Heavy
1 categories, and has therefore been excluded from the analysis.
Production figures are available for individual models: E 2200: 35 624; E 3000: 11 306; E 2500: 3840; E 4100: 4743. - ^p to 9 t
gross weight. - Over 9 t gross weight. - ^Retail sales of domestically produced vehicles. - ^Jp to 14 000 pounds gross weight. -
Over 16 000 pounds gross weight. - -'NO data are available on production by individual firms and weight groups. It has been as-
sumed that all major firms producing 'trucks' are involved in the production of light vehicles, while no similar assumption could
be made in the case of medium and heavy trucks.
Source: Compiled from World Motor Vehicle Data, 1986 Edition.25
countries, the scale of production per firm in each category is
smaller in Brazil than in the major producing countries. Without
a much more detailed analysis of individual market segments and
firm structures, which is beyond the scope of this paper, it is
impossible to determine the extent to which the international
competitiveness of commercial vehicle production in Brazil is
affected by scale inefficiency.
5. Implications for Firm Strategies and the Role of Government
Policies
The deterioration of scale efficiency in the Brazilian passenger
car sector in recent years, especially at the basic model level,
indicates a major area of concern. Therefore this section discus-
ses some possible firm strategies to improve scale efficiency in
this respect, as well as the role of government policies in this
context. The emphasis is on the passenger car sector, but some of
the conclusions also apply - mutatis mutandis - to commercial
vehicle production. The following options are considered:
- reducing the number of basic models;
- lengthening model runs;
- inter-firm cooperation, including mergers;
- increasing exports.
A reduction in the number of basic models produced would increase
the scale of production per basic model, provided that production
per firm can be maintained at its previous level. With three of
the four large Brazilian car-makers mass-producing only four to
five basic models each (see Table 8) , such an approach would
probably force some firms to stop serving particular segments of
the market. Such specialization could, however, turn out to be
counter-productive, because the nature of oligopolistic compe-
tition in the Brazilian domestic market makes it important for
each volume car-maker to cater for first-time buyers of automo-
biles as well as for customers who are moving up-market, in order
not to lose market shares and, consequently, scale efficiency in26
production. The alternative of importing certain models from
abroad instead of inefficiently producing them domestically does
not exist in Brazil because of the effective closure of the do-
mestic market to imports. The protection of domestic motor vehic-
le manufacturing has thus contributed to the recent deterioration
of scale efficiency through encouraging model proliferation,
rather than allowing the industry, as suggested by the infant
industry argument, to grow up to become scale-efficient.
The marketing strategies currently pursued by firms in the Brazi-
lian domestic market tend to emphasize style and appearance ra-
ther than, for example, practical usefulness or ease of mainte-
nance (Macchione, 1986, p. 42). That approach apparently plays an
important role in preventing a lengthening of model runs, which
could otherwise reduce per-unit costs through the spreading of
certain model-specific fixed costs over larger model life volumes
(see Table 2 for an estimate by Rhys, 1977 of the relationship
between per-unit costs and model life volume). The traditional
notion that model runs are distinctly longer in newly industrial-
izing than in industrialized countries cannot be upheld (in spite
of examples to the contrary) as a comparison between the average
period of production of 1984-produced basic models in Brazil and
the Federal Republic of Germany demonstrates (Table 8). This may
be a result precisely of the need to limit the number of basic
models to the minimum required to cover the main segments of the
market. With changes in consumer preferences demanding the fre-
quent introduction of new models, the production of older models
has to be terminated (even if there is still significant demand
for them) once their replacements are introduced. By contrast,
the larger markets in the industrialized countries apparently
allow each firm to have a somewhat greater number of models in
production simultaneously, and still take advantage of economiesTable 8 - Average Length of Production of Mass-produced Basic Passenger Car Models in Brazil
































































Source: World Motor Vehicle Data, 1986 edition; Verband der Automobilindustrie, Tatsachen und
Zahlen aus der Kraftverkehrswirtschaft, various issues; Latini, 1984, p. 100; own
calculations.
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of scale. Some examples of the early withdrawal of still popular
models in Brazil are the replacement of Volkswagen's Brasilia and
Beetle models with the BX family (Gol, Voyage, Parati), the sub-
stitution of General Motors's Monza for the Opala, and the re-
placement of Ford's Corcel II with the Escort (Crissiuma, 1986,
pp. 85- 86)
l.
Economies of scale in the manufacture of parts can also be
achieved through increasing the degree of interchangeability of
components among models. This is already being done to a great
2
extent , and within individual firms the process may in fact be
approaching its limits, as cars of different sizes (to"cover dif-
ferent market segments) each require their own body parts, en-
gines, and, possibly, transmissions. There remains, however,
ample scope for increasing scale efficiency through inter-firm
co-operation in the procurement or production of components,
which seems to be the main thrust of the collaboration agreement
covering the operations of Volkswagen and Ford in Brazil and
Argentina ('Autolatina
1; see Stevens, 1987, p. 60).
Finally the possibility of increasing exports needs to be con-
sidered. The South Korean example demonstrates that even with
much smaller total production, concentration on a few models to-
gether with determined efforts to expand exports may considerably
improve scale efficiency. In the case of Brazil several obstacles
to such an approach appear to exist. Firstly, in the past the
pressure to export is likely to have been smaller than in South
Korea given the much larger size of the (protected) Brazilian
domestic market. Secondly, being subsidiaries of multinational
It may be noted that the introduction of new models in Brazil
tends to follow with a lag of several months the appearance of
the equivalent model in the home markets of the parent compa-
nies. Thus the experience of the parent company may be relied
upon in the setting-up of production in Brazil to avoid certain
starting-up (i.e. model-specific fixed) costs. This cost saving
may be set against any unit cost disadvantage resulting from
relatively short model runs.
2
Volkswagen's BX model family, for example, accounted for 47 per
cent of the Car Division's-1985 output (Stevens, 1987, p. 45).29
firms the Brazilian car-makers are not entirely free to choose
their export markets if their decisions conflict with the inter-
ests of other parts of the corporation. This appears to be one
important reason why exports to the North American and West Euro-
pean markets have remained limited, although these would seem the
most natural targets for an export expansion strategy aimed at
increasing the scale of Brazilian production (deliveries by Fiat
to Western Europe and by Ford to Scandinavia being obvious excep-
tions) . Thirdly, legally binding local content requirements
which apply to all cars produced in Brazil (Prud'homme, 1984)
appear to represent an obstacle to a fuller integration of the
Brazilian subsidiaries into the global production networks of the
2 parent companies , even though they are relaxed somewhat for cars
destined for export under BEFIEX agreements: 85 per cent for pas-
senger cars and around 80 per cent for most types of commercial
vehicles instead of the usual 95 per cent (Stevens, 1987, p. 31).
Local content requirements and similar restrictions such as the
new law on information technology also necessitate design changes
in parent company models in the course of their adaptation for
production in Brazil that may impair the Brazilian versions'
suitability for sale in developed country markets (Stevens,
pp. 33 and 42)
3.
Volkswagen's current export drive in the US, if successful, may
alter the picture somewhat.
2
For a discussion of the "World Car' strategy, involving ideally
a global integration of production, see Black (1981). Stevens
(1987, p. 33-4) describes the problems encountered in applying
that strategy in Brazil.
For example, in transforming the Parati/Voyage into the Fox for
the US market Volkswagen had to make alterations to 30 per cent
of the components.30
6. Summary and Conclusions
This paper has surveyed empirical studies on the impact of the
scale of production on per-unit costs in motor vehicle manufac-
turing. On this basis the validity of the hypothesis has been
investigated that the scale efficiency of motor vehicle manu-
facturing in Brazil has now improved to the point where the re-
maining disadvantage no longer seriously affects the internatio-
nal competitiveness of the industry. The analysis has been limi-
ted to scale efficiency in the area of manufacturing technology,
which in the case of Brazil can be assumed to exert a stronger
influence on relative cost advantages than scale efficiency in
the fields of management, marketing, or finance.
The empirical studies on economies of scale in motor vehicle
manufacturing all indicate that per-unit costs decline substan-
tially as the scale of production increases. However, scale re-
presents only one out of several important determinants of per-
unit costs. Lower prices for inputs or the adoption of less capi-
tal-intensive technology (within the limits set by quality re-
quirements) may therefore compensate for a competitive disadvan-
tage due to small scale. Furthermore, the concept of economies of
scale lacks theoretical rigour in that it is unable to distin-
guish clearly between different sources of cost savings associa-
ted with large scale. Therefore the findings from the empirical
application of the concept should be approached with caution.
This is also true for the numerical estimates that have been
presented of the minimum efficient scale in motor vehicle manu-
facturing, and of the relationship between per-unit costs and the
scale of production in the passenger car sector.
Bearing in mind these qualifications the available estimates have
been used to assess the scale efficiency of the Brazilian motor
vehicle industry. First they have been contrasted with the devel-
opment of the scale of production since the inception of the
industry. It has been found that there remains some scope for
improving scale efficiency, both in the passenger car and the
commercial vehicle sector. The scale of motor vehicle production31
in Brazil has then been compared to seven other selected producer
countries, including newly industrializing as well as industria-
lized ones.
In passenger car production scale efficiency in Brazil exceeds
that of the other developing countries with the exception of
South Korea. In the latter country a policy of concentrating
production on a very limited number of models and a determined
effort to expand exports have increased production per basic
model to a level above that achieved by Brazil, in spite of a
much smaller volume of total production. In relation to indus-
trialized countries Brazil apparently still finds itself at a
disadvantage in terms of scale efficiency, which, however, seems
to have become so small that it no longer seriously affects the
country's relative position in production costs.
An assessment of the scale efficiency of commercial vehicle pro-
duction is rendered difficult by the diversity of products and
firm structures. It appears that, in general, the scale of pro-
duction in Brazil tends to be low in this sector, not only in
relation to most industrialized countries but also to South Korea
and India. It is impossible, however, within the scope of this
study to determine the extent to which this disadvantage affects
the international competitive position of commercial vehicle
production in Brazil.
Finally, various firm strategies aimed at improving scale effi-
ciency as well as different policy options for the Brazilian
government have been considered. The main alternatives (not mutu-
ally exclusive) are to curb model proliferation or to raise ex-
ports, both of which are difficult to implement under present
government policy. Model proliferation is at least partly a re-
sult of the closure of the domestic market, where oligopolistic
competition makes it desirable (and protection makes it profit-
able) for each major firm to offer a whole range of models, all
of which must be manufactured in Brazil. An easing of restric-
tions on imports of vehicles and components would help to improve32
scale efficiency by facilitating international specialization.
Models now produced domestically in small numbers could then be
imported; vehicle exports, particularly to developed country mar-
kets, would benefit from less stringent local content require-
ments and controls on imports of technically advanced components.
Thus it must be concluded that the continuing protection of the
Brazilian motor vehicle industry does not help to improve the
industry's scale efficiency in relation to its major internatio-
nal competitors (as would be suggested by the infant industry
agreement). On the contrary, much of the remaining competitive
disadvantage is likely to be a result precisely of the closure of
the domestic market and could be reduced substantially by a less
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Source: Maxcy, 1981, p. 259 (1956 and 1970 data); World Motor Vehicle Data, 1986 Edition (1984 export data); unpublished ANFAVEA
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